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Abstract. Narrow-line Seyfert 1 galaxies are generally found 
to be radio-quiet and there was only one radio-loud object 
known so far (PKS 0558-504). Here we present the results of 
a 50 ksec ASCA observation of the recently discovered second 
radio-loud NLS1 galaxy RGB J0044+193. The X-ray data are 
complemented by radio observations and a new optical spec- 
trum for this source. 

We find evidence for variable radio emission and an in- 
verted radio spectrum of RGB J0044+193. The optical contin- 
uum turned out to be extremely blue. This may either indicate 
additional line emission, for example from Fe I, or scattering of 
a blue intrinsic continuum. The X-ray spectrum shows a clear 
break around 1.8 keV. Above this energy the spectrum is char- 
acterized by a power law with a photon index of T « 2.1. For 
energies below 2 keV the spectrum is much softer and it can ei- 
ther be modeled with a steeper power law (V w 2.7) or a black- 
body component with a temperature around 0.2 keV. The X- 
ray count rate of the source decreased by a factor of two within 
one day and there is evidence for low amplitude variability on 
much shorter time scales. Given its average 2-10 keV X-ray 
luminosity of (1.35 ± 0.05) x 10 44 erg sT 1 , RGB J0044+193 
is significantly more variable than a typical broad line Seyfert 
1 galaxy of comparable X-ray luminosity, but consistent with 
the bulk of NLS 1 galaxies. 

The spectral as well as the variability properties of 
RGBJ0044+193 are indistinguishable from those of radio- 
quiet NLS Is. In particular, we find no evidence for a flat X-ray 
component due to inverse Compton emission related to the pu- 
tative non-thermal radio emission from RGB J0044+193. We 
argue, however, that this does not rule out a pole-on orientation 
for RGB J0044+193. 

Key words: Galaxies: active - individuakRGB J0044+193; X- 
rays: galaxies - Radio continum: galaxies. 



1. Introduction 

The radio-loud X-ray source RGBJ0044+193 (R.A. = 
00:44:59.12 ; Dec. = +19:21:40.8; J2000.0) was serendipi- 
tously identified as a NLS 1 in the course of a large effort to es- 
tablish a new, well-defined and large sample of X-ray selected 
BL Lac objects (Laurent-Muehleisen et al. 



1998). The basic 



sample resulted from a cross-correlation of the ROS AT All-Sky 
Survey and the Green Bank 5GHz radio survey (87GB; Condon 
et al. 1989 1. This so-called RGB-sample contains more than 
2100 radio-loud X-ray sources and was completely followed- 
up with the VLA to obtain accurate radio positions and radio 



1997) 



core fluxes (Brinkmann et al. 1995|, [19974 Laurent-Muehleisen 
et al. 



In X-rays NLS1 generally exhibit rapid variability and 

Brandt et al 



steep X- ray sp e ctra ( e.g. Boiler et al. 1996 



1997 



Leighly |l998j |l999p . Whethei or not the X-ray and optical 



properties of NLS 1 galaxies are affected by orientation is cur- 
rently the subject of mu ch debate (e. g. Os t erbroc k & Pogge 



1985 



Brandt et al. 1997; Boiler et al 



1996 1997). Originally 



it was suggested that NLS 1 are the pole-on versions of regular 
Seyfert 1 galaxies. This naturally explains the narrower permit- 
ted emission lines, if the emission line clouds were confined to 
a disk perpendicular to the symmetry axis. Orientation depen- 
dent emission line properties have a lso been discussed fo r othe r 
object classes (e.g. Boroson 1992 ; Baker & Hunstead 1995 ). 
The hig h frequ ency of soft X-ray excesses seen in NLS1 (e.g. 
Leighly 1999) also might argue for a face-on orientation, at 
least in the case of geometrically thick accretion discs (Madau 



1988). Further arguments in favor of pole-on geometries are the 
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strong Fe II emission, if it originates in the accretion disc (e.g. 
Kwan et al. 1995) and the low frequency of warm absorbers in 
NLS1 (Leighly 1999). Finally, the observed rapid variability as 
well as absorption features near 1 keV in three NLS 1 might be 
explained by relativistic outflows seen close to the line of sight 
(Boiler et al. [1996] Leighly et al. |l997| ). 

On the other hand, the orientation model would require the 
hard X-ray spectral index to be orientation dependent, since 
it is much flatter in broad-line Seyferts than in NLS1. How- 
ever, current models for the X-ray emission processes predict 
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Fig.l. The observed broad band (3410 and 8270 A) optical 
spectrum of RGB J0044+193, taken with the Kast double spec- 
trograph at Lick observatory. For clarity, only the emission 
lines discussed in the text are labeled. Note the extremely blue 
continuum below 5000A. 
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Fig. 2. To illustrate the Fell subtraction procedure, we plot 
three spectra for RGB J0044+193 between 4300 and 5600 A 
in the rest frame of the source. The top one is the observed 
spectrum. The bottom one is the Fe II model derived from the 
I Zw 1 template of Boroson & Green (1992) by folding it with 
a Gaussian of 980 km s _1 FWHM and normalizing it to about 
8% of the flux of I Zw 1 . The middle one is the Fe II subtracted 
spectrum shifted downward by an arbitrary amount for illustra- 
tive purposes. 



the opposite behavior (e.g. Haardt & Maraschi 1993). Further, 
the extreme variability in IRAS 13224-3809 can be explained 
by relativistic effects connected with a hot spot at the inner 
edge of an accretion disc seen under a large inclination angle. 
Finally, the presence of excess absorption by cold material in 
the NLS 1 Mrk 507 (Iwasawa et al. |1998h and the observation of 



2. The optical spectrum of RGB J0044+193 

The spectrum of RGBJ0044+193 shown in Laurent- 



ionization cones in Mrk 766 (Wilson et al. 1995) argue against 
a general pole-on orientation for NLS1. 

Instead, it has been proposed that NLS1 galaxies are ob- 
jects with smaller black hole masses and accretion rates closer 
to the Eddington limit compared to broad-line Seyferts. This 
scenario naturally explains many of their peculiar optical and 
X-ray properties (Pounds et al. 1995; Leighly 1999] and refer- 
ences therein). 

Radio-loud NLS 1 appear to be a rare class of AGN. Apart 
from RGB J0044+193 there is only one object known, namely 
PKS 0558-504. The importance of radio-loud NLS1 galaxies 
lies in the fact that the presence of radio emission and an as- 
sociated relativistic jet might give us an independent handle on 
the orientation issue. Hence, the main intention of our ASCA 
observation was to compare the X-ray properties of the radio- 
loud NLS1 RGB J0044+193 to radio-quiet NLS1 and to inves- 
tigate, whether any differences in the X-ray spectrum can be 
attributed to the radio-loud nature of this object. 



Muehleisen et al. (1998) and on which its NLS1 classification 



is based, did not extend far enough to the red to include Ha. 
We therefore obtained a second spectrum on Sept. 24, 1998 at 
Lick observatory using the Kast double spectrograph. Two 20 
minute exposures were taken to facilitate accurate cosmic ray 
rejection and the resulting averaged spectrum has a resolution 
of 3.8 A and a coverage from 3410 to 8270 A (2900 to 7000 A 
in the object's rest frame). Weather was variable, but generally 
poor during the observations. Therefore the flux scale should 
be taken only as a rough indicator of the source's brightness. 
Atmospheric lines were removed using an observation of a 
spectrophotometric standard star. The observations of both 
source and standard star were done with the slit rotated to the 
parallactic angle. We did not correct for reddening since the 
measured Ha/H/3 ratio is consistent with no reddening. 

The optical spectrum of RGB J0044+193 appears to be ex- 
tremely blue (Fig. |l]). Even when the contributions from the 
Balmer continuum, blended Fe emission and possibly Mg II are 
taken into account, the continuum below 5000A is still steeper 
than the limit for a bare accretion disk spectrum (a « —0.3; 
e.g. Grupe et al. 1998). This may indicate the presence of addi- 
tional line emission, perhaps from Fe I (e.g. Kwan et al. 1995), 
or scattering of a blue intrinsic continuum . If we restrict our 
measurement of the continuum to the region redward of 5000A, 
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we find that a power law with a slopeQ of a = 1.3 yields a 
good fit. For wavelengths blueward of 5000A, we formally get 
a slope of a = —3.1. 

To our knowledge, this is bluest optical continuum of any 
NLS1 observed to date. It might be speculated that this pe- 
culiarity is related to the radio-loudness of RGB J0044+193, 
for example via optical synchrotron emission from the puta- 
tive radio jet. However, the spectral shape practically rules 
out a synchrotron contribution to the blue optical continuum. 
We further note that the optical continuum of the only other 
known radio-loud NLS 1 PKS 0558-504 is not as blue as that of 
RGB J0044+193 (Remillard et al. 



3. The radio source associated with RGB J0044+193 



1986) 



The emission line spectrum confirms the original classi- 
fication as a NLS1 galaxy at redshift of z=0.181. The broad 
permitted blend of Fe II emission commonly present in NLS 1 s 
severely contaminates the spectrum, making an accurate mea- 
surement of the flux and width, in particular of the H/3 and 
[O III] lines difficult. In order to account for this, we employ 
the Fe II subtraction method introduced by Boroson & Green 
(1992) and now commonly applied (e.g. Leighly 1999). The 



Fe II emission line spectrum from a high signal-to-noise opti- 
cal spectrum of the prototype strong Fe emitter I Zw 1 is first 
convolved with a Gaussian and then scaled until the width and 
intensity of the lines approximately match those seen in the 
RGB J0044+193 spectrum. We find that a 980 km s" 1 FWHM 
Gaussian convolution with a normalization 8% of the absolute 
flux of I Zw 1 provides the best fit (see Fig. ^). This best-fitting 
Fell model was then subtracted and the remaining emission 
lines examined. 

H/3 has a Lorentzian rather than a Gaussian profile, which is 
typical of the NLS1 class (Goncalves et al. 1998). A Lorentzian 
profile with a FWHM of ^1330 km s _1 yields an excellent 
fit. Ha is blended with [Nil], but also shows clear indications 
of a broad component. Our best fit Lorentzian profile yields 
a FWHM of 1000 km s _1 . Considering the degree of blend- 
ing near Ha, this is fully consistent with the dynamics ex- 
hibited by the H/3 line. The forbidden [OIII] lines are well 
fit by a Gaussian of FWHM ^750 km s . This behavior is 
typical for NLS Is: the broad and narrow components of the 
permitted lines cannot be clearly separated, but the FWHM 
is <2000 km s _1 , while the forbidden lines are well-fit by 
a single narrow component. The final pieces of optical evi- 
dence, which support the classification of RGB J0044+193 as 
a NLS1 are the intensity ratios of the high ionization lines 
([OIII], [Nil]) to the low ionization lines (H/3, Ha). Because 
the Ha/[N II] emission feature is strongly blended, we cannot 
determine an accurate flux ratio, but we can confidently say that 
[Nll]/Ha<0.4. For [OlII]/H/3 we derive a value of 0.2. Both 
these measurements are consistent with the lo w valu es typical 
for ot her NLS 1 galaxies (Osterbrock & Pogge 1985 ; Goodrich 



1989| ), and significantly lower than those exhibited by quasars, 



where [OIII]/H/3>3.0 and [N II]/Ha>0.75. 



Applying the criterium of Kellerman et al. (1989), who define 
R = 10 as the dividing line between radio-loud and radio-quiet 
quasars^, the source is radio-loud, since the ratio of the total 
4.85 GHz radio flux from the 87GB survey (/4.85GHz = 24 mJy) 
and the optical magnitude (mo = 16.7) is R s=s 31. The radio 
flux corresponds to a luminosity^] of logP = 24.5 WHz -1 . 
Thus, also using luminosity criteria (e.g. Joly 1991; Miller et 
al. 1993), RGB J0044+193 should be classified as a radio-loud 
AGN. 

In general, NLS 1 galaxies are considered to be radio-quiet 
AGN. Ulvestad et al. (1995 1 investigated the radio emission of 
15 NLS1 galaxies with the VLA down to a flux limit of 0.25 
mJy at 5 GHz. They found luminosities (or upper limits) be- 
tween log P = 20.5 W Hz" 1 and logP = 22.5 W Hz" 1 . Thus, 
RGB J0044+193 is about two orders of magnitude brighter at 
4.85 GHz than any of the objects in the sample of Ulvestad et 



al. (1995). Comparing the radio-loudness R of RGB J0044+193 



to that of the Ulvestad et al. (1995) sources, we again find that 
it is a factor of ~6 higher than any of those. Even if we use 
the lower flux from the VLA measurement (see below) R is 
higher by a factor of two. However, in this case R<10 and 
hence RGBJ0044+193 is technically radio-quiet (but confer 
discussion below). There is only one other radio-loud NLS1 
galaxy known up to now (PKS 0558-504) and we compare it to 
RGBJ0044+193inSect.7.1. 

The radio luminosity of RGBJ0044+193 is much larger 
than usually detected in normal galaxies or starbursts. Smith et 
al. (1998), for example, study the 20 most radio luminous star- 
burst galaxies from the UGC sample. The average 4.85 GHz 
luminosity of this sample is (log P) m 23, and even the radio 
brightest object is more than a factor of five less luminous than 
RGB 0044+193. Therefore, any significant contribution to the 
total radio emission other than non-thermal radiation from a 
radio jet seems rather unlikely. 

Interestingly, RGBJ0044+193 was detected with a 
4.85 GHz flux of only 7 mJy in the high resolution follow-up 
observation with the VLA (Laurent-Muehleisen et al. 1997). 



This indicates that the source is either extended or variable. 
The latter is supported by two additional pieces of evidence: 
firstly, the radio source appears unresolved on the VLA map 
and secondly, it is not detected in the NRAO/VLA Sky Survey 
(NVSS; Condon et al. 119981 ) at 1.4 GHz, which is sensitive 



down to ~ 2.5 mJy. Given that extended radio emission gener- 
ally shows steep radio spectra, the 1.4 GHz radio flux should 
have been higher than 7 mJy and hence easily detectable in 
the NVSS. Unfortunately, existing radio data do not allow 
us to place limits on the likelihood for large intrinsic radio 
variability in NLS1 galaxies as a class. Even in the case of 
RGBJ0044+193 the true amount of intrinsic variability is 
uncertain, since the sense of the differences between the 87GB 
and the VLA measurements is the same as if overresolution 



" R is defined as the K-corrected ratio of the 4.85 GHz radio flux 
and the optical flux at 4400 A. 



H = 50 km s" 1 Mpc~ 



, go 



0.5. 
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were a problem. Due to the compactness of the radio source 
interstellar scintillation might also be relevant. 

If taken at face value, the data also imply an inverted spec- 
trum between 4.85 and 1.4 GHz, probably due to synchrotron 
self-absorption. This would be consistent with the observed un- 
resolved compact radio core. Note that neither PKS 0558-504 
nor the Ulvestad et al. ( 1995 ) sources show inverted spectra. 



4. The ASCA observation 



RGB J0044+193 was observed with ASCA (Tanaka et al. 1994 ) 



in 1-CCD faint mode from January 9, 08:55:23 to January 10, 
23:49:13 (UT) 1998. 

The data were analysed using FTOOLS 4.1. The recom- 
mended standard screening criteria were applied to the data. 
For the GIS the minimum elevation angle above the Earth's 
limb (ELV) was chosen to be 5°. In the case of the SIS we used 
ELV> 10°. To avoid atmospheric contamination, data were 
only accepted in the SIS when the angle between the target 
and the bright earth (BR.EARTH) was greater than 20°. Fur- 
ther, a minimum cut-off rigidity (COR) of 6 GeV/c was applied 
for both, the SIS and the GIS. Data taken within 60 seconds af- 
ter passage of the day-night-terminator and the South Atlantic 
Anomaly (SAA) were not considered in the analysis. Periods 
of high background were manually excluded from the data by 
checking the light curve of the observation. The resulting effec- 
tive exposures were 47.9 ksec for each GIS and 45.1 and 46.4 
ksec for SIS0 and SIS 1, respectively. 

Source counts were extracted from a circular region cen- 
tered on the target with a radius of 6' for the GIS and 4' for 
the SIS. We used the local background determined from the 
observation in the analysis for both detectors. In particular, the 
GIS background was estimated from a source free region at the 
same off-axis angle as the source and with the same size as the 
source extraction region. In total, ~2500 counts were detected 
from RGB J0044+193 in each of the SIS detectors. Because of 
the steep spectrum and the lower effective area, the number of 
photons detected with the GIS detectors was a about factor of 
two smaller. 

All spectra were rebinned to have at least 20 photons 
in each energy channel. This allows the use of the \ 2 
technique to obtain the best fit values for the model spec- 
tra. We used the latest GIS redistribution matrices avail- 
able (V4_0) from the calibration database and created the 
SIS response matrices for our observation using SISRMG, 
which applies the latest charge transfer inefficiency (CTI) table 
(sisph2pi_ll 03 97 .fits). The ancillary response files for 
all four detectors were generated using the ASCAARF program. 

Spectra were fitted in the energy range 0.8 to 8 keV for 
both GIS. For SIS0 and SIS1 we used 0.5 to 7 keV and 0.7 
to 7 keV, respectively. The upper energy boundaries are given 
by the maximum energy at which the source was detected in 
each instrument. The lower energy boundaries result from the 
calibration uncertainties of the detectors. In particular, SIS1 re- 
cently shows systematic residuals below 0.6 keV (Dotani et al. 
1997 ). Also, since the CCD temperature of SIS1 was higher 




channel energy (keV) 

Fig. 3. Ratio of the data to a simple power law model. The break 
in the X-ray spectrum around 1.8 keV can clearly be seen. 



than SIS0 during the observation, we decided to ignore the 
data below 0.7 keV for SIS 1 . An increasing RDD (Residual 
Dark Distribution), which is caused by radiation damage, has 
been reported for both CCDs. This effect cannot be corrected 
for with currently available software. RDD degradation should 
be negligible for 1-CCD observations, however (Dotani et al. 



1997) 



5. Spectral analysis 

Since the spectral fitting for the individual detectors gives con- 
sistent results, we only cite the parameters for all four detec- 
tors fitted simultaneously in the following. The normalization 
of the GIS detectors was allowed to vary with respect to the 
SIS, because of the known cross-calibration uncertainties. The 
resulting differences in the normalization between the SIS and 
the GIS detectors are of the order of 5 to 10%. 

We first investigated a simple power law model with the ab- 
sorption fixed to the Galactic value (N H — 3.55 x 10 20 cm -2 ). 
The resulting best fit parameters are V — 2.47 ± 0.07 and \ 2 = 
405.5 (360 d.o.f.). The ratio of the data to this model is shown 
in Fig. [| It can clearly be seen that there is a significant break 
in the spectrum of RGB J0044+193 around 1 .8 keV. 

Next we fitted the spectrum with a broken power law 
model. To put tighter constraints on the break energy and the 
low energy power law, we first fitted a simple power law model 
to the data above 2 keV and fixed the resulting high energy 
power law (V w 2.1) in the broken power law fit. This gives 



low 



= 2.69 ± 0.11, E t 



break 



= 1.79 



-0.35 
-0.20 



keV and X = 386.5 



(359 d.o.f.). The difference in \ 2 is significant at more than 
99.9% confidence according to a F-test. 

An even better fit results when a blackbody model super- 
imposed on a simple power law is applied instead of a broken 
power law. Using ZBBODY we get (again for fixed Galactic ab- 
sorption) T = 0. 19±0.02 keV for a power law photon index of 
r = 2.1 (fixed). The resulting \ 2 is 382.6 for 359 degrees of 
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Fig. 4. Ratio of the data to a model including a blackbody with 

T= 0.19 ± 0.02 keV and a power law with a photon index of Fig. 5. X-ray light curve of RGB J0044+193 for the combined 



2.1. 



SIS detectors in the 0.5 to 7 keV range. 



freedom. The resulting ratio of data to model is shown in Fig. fjj. 
For this model we get a 2-10 keV flux of (7.9 ± 0.3) x 10" 13 
ergcm~ 2 s _1 , which gives a rest frame 2-10 keV luminosity 
of (1.35 ± 0.05) x 10 44 erg s _1 . The corresponding soft X-ray 
(0.5-2 keV) luminosity is 1.9 x 10 44 erg s _1 . 

Alternatively, if we use a thermal bremsstrahlung model 
(ZBREMSS) instead of a blackbody, we also get an accept- 
able fit and the best fitting parameters are T = 0.45^q'q? keV, 
T = 2.1 (fixed) and X 2 = 385.9 (359 d.o.f.). We note that leav- 
ing the photon index as a free parameter in these models gives 
values that are consistent with the photon index determined at 
higher energies. 

We do not detect any indication of absorption edges due to 
O VII and O VIII and the upper limits on the optical depths are 
t(OVII)< 0.50 and r(OVIII)< 0.54. We also searched for a 
Ka emission line from neutral or ionized iron, but could not 
find any. Due to the low photon statistics at high energies the 
upper limits on the equivalent widths are not very stringent: 
250 eV and 400 eV for a narrow emission line at 6.4 and 6.7 
keV, respectively. 



6. The light curve 

The background subtracted light curve of RGB J0044+193 in 
the 0.5-7.0 keV energy range during the ASCA observation 
is shown in Fig. || The data were binned in such a way that 
each data point corresponds to one orbit of the satellite. For 
clarity, only the combined SIS0/SIS 1 light curve is shown, but 
we note that the same qualitative behavior is also seen in the 
GIS detectors. 

The source count rate was clearly higher at the beginning 
of the observation. It decreased by a factor of two within one 
day. There is also evidence for significant variability on much 
shorter time scales, albeit with smaller amplitudes. 



In the ROSAT All-Sky Survey RGBJ0044+193 was de- 
tected with a PSPC count rate of 0.17 ± 0.02 counts s -1 . Us- 
ing a power law model with V = 2.7, this results in an un- 
absolved 0.1-2.4 keV flux of (4.8 ± 0.6) x 10~ 12 erg cm~ 2 
s -1 . This value is consistent with the corresponding ASCA 
flux for the broken power law model in the same energy range 
((5.2 ± 0.2) x 10" 12 erg cm" 2 s- 1 ). 

A common measure of A GN X -ray vari ability is the ex- 
cess variance a e (Nandra et al. |1997| ; Leighly |1999| ). Basically 
it measures the variance of the light curve minus the variance 
due to the measurement errors. For exposures of similar dura- 
tion it is also a measure of the variability time scale. In the case 
of RGB J0044+193 we calculate a e = 0.045 ± 0.014, which is 
significantly higher than the values found for broad-line Seyfert 
1 galaxies of similar X-ray luminosity, but consistent with the 
values found for other NLSls (Leighly 1999). This is illus- 
trated in Fig. H (adapted from from Fig. 3 of Leighly 1999), 
which shows the excess variance of RGB J0044+193 in the to- 
tal band in comparison to broad-line and narrow-line Seyfert 1 
galaxies. 

Given the evidence for a soft component in the X-ray spec- 
trum of RGB J0044+193 , we also calculated the excess vari- 
ance above and below 1.8 keV. We get 0.040±0.014 at low 
energies and 0.093±0.031 at higher energies. Although there 
seems to be a tendency for more pronounced variability at 
higher energies, we do not consider the difference in the ex- 
cess variances of the soft and the hard band as significant. 

7. Comparison to other NLS1 galaxies 

7.1. The second radio-loud NLS1 PKS 0558-504 

The only other known radio-loud NLS1 galaxy is PKS 0558- 
504. It is at a redshift of z = 0.137, has a optical magnitude 
of m B = 14.97 and a 4.85 GHz radio flux of 113 mJy. This 
gives a radio-loudness of R m 27 and a radio luminosity of 
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Fig. 6. Excess variance vs. 2-10 keV luminosity for 
RGBJ0044+193 compared with broad-line and narro w-line 
Seyfert 1 galaxies; figure taken from Leighly ( 1999 ). At a 
given X-ray luminosity NLS1 galaxies clearly show more 
rapid variability than broad line objects (see also Leighly 



1998). RGB J0044+193 falls into the region of NLS1 galax- 



ies, thus providing independent evidence for the NLS 1 nature 
ofRGBJ0044+193. 



logP = 24.9. These parameters are very similar to those of 
RGBJ0044+193 . 

In X-rays, PKS 0558-504 is an order of magnitude more 
luminous than RGB J0044+193 . Leighly (1999) gives a 0.5- 
2 keV luminosity of a 1.7 x 10 45 erg _1 (as compared to 
1.9 x 10 44 erg s" 1 for RGB J0044+193). Despite this huge dif- 
ference in luminosity, the ASCA spectra of the two radio-loud 
NLS1 galaxies are remarkably similar. Leighly (1999) finds a 
slightly higher temperature (kT « 0.25 keV) for the blackbody 
model and a slightly steeper hard photon index (r « 2.25). In- 
terestingly, the spectrum of PKS 0558-504 also shows marginal 
evidence for an emission line around 6.7 keV with an equiva- 
lent width of about 100 eV, which is well below the upper limit 
for RGB J0044+193, however. 



7.2. Radio-quiet NLS Is 



It was shown by Brandt et al. (1997), that the hard (2-10 



keV) X-ray spectrum of NLS1 galaxies is steeper on aver- 
age than that of broad line Seyfert 1 galaxies, although the 
scatter in spectral indices seems to be smaller compared to 
ROSAT PSPC measurements (Boiler et al. |1996|). Our result 



for the photon index of RGB J0044+193 at energies above 2 
keV (r k 2.1) is close to the average value for NLS1 (Brandt 



et al. 1997; Leighly 1999). Although the hard X-ray spectra of 



NLS1 galaxies are significantly steeper than those of normal 
Seyfert 1 galaxies, they are nevertheless much flatter than the 
soft X-ray spectra of NLS 1 galaxies as measured with ROSAT. 
This clearly indicates a break in the X-ray spectrum. In Sect. 
5 we have presented unambiguous evidence for the presence 
of such a break in RGB J0044+193 and the ASCA photon in- 



ROSAT spectral indices of NLS 1 galaxies (Boiler et al. 1996) 



Similar energy breaks are found in a systematic study of the 



ASCA spectra of NLS1 galaxies (Leighly 1999). We conclude 



that the X-ray spectral properties of RGB J0044+193 do not 
appear to be different from radio-quiet NLS 1 galaxies. 

For radio-loud AGN a correlation between the core- 
dominance and the X-ray spectral index has been claimed in 
the sense that the most core-dominated sources have the flattest 



X-ray spectra (e.g. Kembhavi 1993; Brinkmann et al. 1997b). 
This result is usually interpreted in terms of a flat inverse 
Compton component in the X-ray spectrum, which is related 
to the relativistic radio jet and which dominates the emission 
spectrum for objects oriented close to the line of sight. The 
seed photons for this process are either the synchrotron photons 
generated in the radio jet itself or external photons from the ac- 
cretion disc or the emission line regions. In this scenario, the 
apparent absence of a flat X-ray component in RGB J0044+193 
might indicate that the radio jet is oriented at a rather large an- 
gle to the line of sight, which would argue against a pole-on 
geometry at least for this source. However, there are several 
caveats. First of all, nothing is known about the physical pa- 
rameters related to the putative radio jet in RGB J0044+193 or 
NLS Is in general. They might be different from those in radio- 
loud quasars. Secondly, RGB J0044+193 is barely radio-loud. 
Therefore any inverse Compton component (e.g. synchrotron 
self-Compton) might simply be too weak to be detected in our 
ASCA observation. 

Fig. | illustrates that RGB J0044+193 is significantly more 
variable than Seyfert 1 galaxies of the same X-ray luminosity. 
The excess variance is more than one order of magnitude larger. 
In fact, RGB J0044+193 clearly falls into the region populated 



by the bulk of NLS1 galaxies (Leighly 1999). Also in terms 



of their variability properties, there seems to be no difference 
between RGB J0044+193 and radio-quiet NLS1 galaxies. 

8. Summary 

We presented radio, optical and X-ray data of the peculiar 
radio-loud NLS1 galaxy RGB J0044+193. The results can be 
summarized as follows: 

1. The radio observations indicate significant variability in 
the flux from the compact radio source associated with 
RGB J0044+193 and evidence for an inverted radio spec- 
trum. 

2. The optical spectrum clearly confirms the NLS1 classifi- 
cation for RGB J0044+193. In addition, the optical contin- 
uum appears to be extremely blue. This might indicate ad- 
ditional line emission or scattering of a blue intrinsic con- 
tinuum. 

3. The X-ray spectrum obtained with the ASCA satellite 
shows a break near 2 keV. At higher energies it is best 
described by a power law model with a photon index of 
T = 2.1. The soft component can be modeled with either a 
~ 0.2 keV blackbody or a steeper power law (V ss 2.7). 
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4. The ASCA SIS count rate decreases by a factor of two 
within one day and there is evidence for variability with 
lower amplitude on much smaller time scales. The vari- 
ability behavior is characterized by an excess variance of 
0.045±0.014. 

Both the spectrum and the variability properties are typical for 
NLS 1 galaxies, which provides independent evidence for the 
classification of RGB J0044+193. We do not detect any dif- 
ferences between RGB J0044+193 and the bulk of radio-quiet 
NLS1 galaxies. In particular, we find no evidence for a flat 
X-ray component due to inverse Compton emission related to 
the putative non-thermal radio emission of RGB J0044+193. 
This does not necessarily argue against a pole-on orientation 
for RGB J0044+193, however. It might well be possible that 
the physical parameters of the putative radio jet in this source 
render an inverse Compton component undectable within our 
ASCA observation. 
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